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Sir: 

I, CALMAN P. PRUSSIN, M.D., declare as follows: 

1. I am the Head of the Clinical Allergy Unit, 
Laboratory of Allergic Diseases, National Institute of Allergy 
and Infectious Disease, National Institutes of Health, a post I 
have held since 1996. I am the recipient of the National 
Institutes of Health Director's Award and United States Public 
Health Service Commendation Medal, both for my research at NIH. 
My curriculum vitae is attached hereto as Exhibit A. 

2. I have no financial interest in, and do not 
consult for, the assignee of the above-referenced application. 
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The opinions set forth in this Declaration are not made in my 
capacity as a government employee and are not intended to 
represent the views of the United States Government. 

3. I have been asked to address two issues relating 
to the above-identified patent application: {1} whether the 
invention would have been obvious to one of ordinary skill in 
the art at the time the invention was made, and (2) whether the 
specification disclosure, at the time of its filing, enabled 
the skilled artisan to practice the claimed methods with 
antibodies specific for other than the explicitly named 
cytokines. As further described below, I was engaged in, and 
published on, the measurement of intracellular cytokines by 
flow cytometry before the December 1996 priority filing of the 
present application, and I today routinely use the claimed 
methods as the principal tool in my continuing research. 

4 . To prepare this declaration, I have reviewed the 
specification of the present application, applicants' response 
of March 1999 — including the presently pending claims — the 
outstanding office action of March 2000, all references cited 
by the Examiner in the official action of March 2000, and the 
additional references cited herein. I have also relied upon my 
own experience in measuring intracellular cytokine expression 
by flow cytometry. 

The State of the Art 

5. Before answering either of the questions posed 
to me, it is perhaps best to describe the state of the art 
prior to the filing of the present patent application and its 
parent. Six references are particularly relevant. Because I 
understand that all but one have been considered by the 
Examiner, I will discuss them only briefly. 
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6. In 1993, Jung and colleagues^ pioneered the use 
of flow cytometry for detecting cytokine production at the 
single cell level in peripheral blood mononuclear cells 
{"PBMC") . Prior to this publication, cytokine production had 
typically been assessed either in bulk, e.g. by ELISA 
measurement of cytokines secreted into medium, or on the single 
cell level after in vitro culture, e.g. by limiting dilution or 
enzyme-linked immunospot assays (LDA and ELISPOT, 
respectively) Alternative single cell methods for examining 
small numbers of cells included in situ hybridization of 
nucleic acid probes to cytokine mRNA within cells that had been 
fixed and permeabilized on a microscope slide and, analogously, 
binding of anti-cytokine antibodies to cytokine proteins within 
cells fixed and permeabilized on a microscope slide. The Jung 
method made detection by flow cytometer feasible, making 
possible multiparametric detection of cytokine production by 
large numbers of individual peripheral blood cells. 

7. In the Jung et al . method, PBMC are stimulated 
with a polyclonal stimulus, PMA+I,^ in the presence of 
monensin, an inhibitor of the Golgi-mediated secretion pathway. 
After stimulation, the cells are fixed and permeabilized, and 
the cytokine that had accumulated intracellularly then labeled 
with an anti-cytokine antibody. A second step, fluorophore- 


^ Jung et ai., "Detection of intracellular cytokines by flow 
cytometry," J. Immunol. Methods 159:197-207 (1993). 

^ The use of ELISPOT to identify antigen-induced cytokine 
secretion is described further below with respect to the two 
Lolli et ai. references cited by the Examiner: FEMS Immunol. 
Med. Microbiol, 7:55 - 62 (1993) and AIDS Res. Human Retrovir. 
10 (2) : 115 - 120 (1994) . 

^ Phorbol 12-myristate 13-acetate (PMA) plus ionomycin (I) 
( " PMA+ I " ) . 
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labeled anti-Ig antibody is added, and the cells are then 
analyzed by flow cytometry. 

8. Jung et al . demonstrated that polyclonal 
stimulation in the presence of a secretion inhibitor provided 
sufficient intracellular accumulation of IL-2, IL-4 and IFN-y 
in a sufficient percentage of T lymphocytes to permit detection 
of each these cytokines by flow cytometer. 

9. For reasons further discussed below, it is 
important to note that Jung et al. demonstrated flow cytometric 
detection of cytokines that had earlier been demonstrated to be 
produced by T lymphocytes, and to do so used anti-cytokine 
antibodies that had already been produced for other purposes. 

10. In both May^ and December^ 1995, I published 
papers describing an improvement on the Jung et al . method. 
Jung et al. had used a two-step labeling: the primary anti- 
cytokine antibody had been unlabeled; a f luorophore-conjugated 
secondary antibody, specific for the first, had then used to 
render the cytokine f luorescently detectable. By using anti- 
cytokine antibodies directly conjugated to f luorophores, as 
well as by improving the fixation and permeabilization 
approach, we both simplified the protocol and significantly 
improved the signal to noise ratio. 


* Elson et al., "Flow cytometric analysis for cytokine 
production identifies T helper 1, T helper 2, and T helper 0 
cells within the human CD4XD27" lymphocyte subpopulation, " J. 
Iiimunol. 154 (9) : 4294-4301 (Mayl, 1995) (Exhibit B) . 

^ Prussin et ai . , "Detection of intracytoplasmic cytokine 
using flow cytometry and directly conjugated anti-cytokine 
antibodies," J. Immunol. Methods 188:117-128 (1995). 
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11. I would like to make three points about our 1995 
publications . 

12. First, the cytokines that we detected had 
earlier been shown to be produced by activated T cells. 
Furthermore, although some of the f luorophore-antibody 
conjugates that we used to detect these cytokines were custom 
conjugates, we did not ourselves raise any of these antibodies. 
In fact, our earliest pilot studies were performed with 
antibodies that had been developed for use in detecting 
cytokines by ELISA, with hybridoma supernatants , and even with 
polyclonal antibodies, 

13. Second, like Jung et al . , we used PMA+I as a 
polyclonal stimulus, because PMA and ionomycin activation are 
the most robust stimuli for most lymphokines, providing the 
best conditions for observing intracellular cytokine staining. 

14. Third, we demonstrated that we could detect IL-5 
in addition to the cytokines detected by Jung: IL-2, IL-4, and 
Y-IFN. With respect to IL-5, we particularly demonstrated that 
cytokine flow cytometry is useful in examining the increased 
IL-5 production characteristic of eosinophilic states and that 
IL-5 production is limited to the CD27 negative population. 

15. Between the May and December publications of our 
work. Picker et ai . published similar work. I understand that 
the Picker et ai . reference is the principal reference applied 
by the Examiner in his obviousness rejection. 


* Picker et ai . , "Direct Demonstration of Cytokine Synthesis 
Heterogeneity Among Human Memory/Effector T Cells by Flow 
Cytometry," Blood 86:1408-1419 (August 15, 1995). 
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16. I will address Picker et ai . ' s data further 
below; here, I would like to comment on certain aspects of 
their methodology. 

17. First, as did we and Jung et ai . , Picker et ai . 
detected cytokines earlier shown to be produced by T cells, 
using antibodies that they did not themselves raise. Like our 
group. Picker et al. used antibodies directly conjugated to 

f luorophores . ^ 

18. Second, like Jung et al . and our group. Picker 
et al . used PMA+I as "a potent activating stimulus."^ Picker 
et ai . further demonstrated that another "accessory cell 
independent" pan-T activating stimulus, a combination of anti- 
CD3 and anti-CD28, could be used, as could "accessory cell 
dependent" stimulation by superantigen . 

19. Finally, alone among the three groups. Picker et 
al. used concurrent detection of and gating on the early 
activation antigen CD69 to increase the apparent sensitivity of 
their method, and uniquely among the three groups used 
brefeldin A, rather than monensin, as the secretion inhibitor. 

20. The four references described above - Jung et 
ai . ^ Elson et ai . , Prussin et ai . , and Picker et ai. — are all 
directed to the application of flow cytometry to the detection 
of intracellular cytokine production by activated T 
lymphocytes. As such, they are clearly relevant to a method 
that is presently claimed as " [a] method of detecting antigen- 


Although Picker et ai. note that they also used a series 
of f luorophore-unconj ugated monoclonal antibodies to confirm 
the staining specificity of the direct conjugates. 

® Picker et ai . p. 1411, col. 1. 
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specific cytokine production by individual T lymphocytes," the 
final step of which is "flow cytometrically detecting the 
intracellular binding of . . . [a] cytokine-specif ic antibody 
by cells in . . . [a] defined T lymphocyte subset." 

21. The next two references* use enzyme-linked 
immunospot (ELISPOT) technology to detect antigen-specific T 
cells. Although the ELISPOT technique does not visualize 
cytokines intracellularly, these references are also relevant 
to the methods claimed in the present application, since the 
ultimate goal of the claimed methods — and indeed, the reason 
we and other cellular immunology groups use the claimed 
methods - is to detect antigen-specific T cells. I understand 
that the claims of the present application are being amended to 
make the ultimate goal of detecting antigen-specific T 
lymphocytes more clear, 

22. In the ELISPOT technique, peripheral blood 
mononuclear cells are cultured in the presence of antigen, and 
antigen-specific T cells are thereafter identified on a single 
cell basis by virtue of their secretion of y^l^^N. In the Lolli 
et al . CMV reference, for example, peripheral blood mononuclear 
cells are incubated with CMV antigen for 76 hours, then plated 
into wells of a microtiter plate having a nitrocellulose bottom 
coated with anti-human y-IFN. After an additional 16 - 20 
hours, the cells are removed and y-IFN that captured locally on 
the nitrocellulose visualized using a secondary antibody. In 
the Lolli et al. AIDS reference, peripheral blood mononuclear 


* Lolli et al., "T and B cell responses to cytomegalovirus 
antigens in healthy blood donors and bone marrow transplant 
recipients," FEMS Immunol. Medical Microbiol. 7:55 - 62 (1993) 
("Lolli et al. CMV reference"); Lolli et aJ . , "HIV antigen- 
reactive T cells detected by antigen-induced interferon y 
secretion," AIDS Res. Human Retrovir. 10:115 - 120 (1994) 
("Lolli et al. AIDS reference"). 
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cells are cultured with HIV antigen for 76 hours directly in 
the ELISPOT plate, after which time cells are removed and the 
immunospecif ically captured IFN-y visualized. 

Differences between claimed invention and the prior art 

23. At the conceptual level, the methods claimed in 
the present patent application differ from those of Jung et 

al . , Elson et al., Prussin et al . , and Picker et ai . in 
applying flow cytometric detection of intracellular cytokines 
to the detection of antigen-specific T cells, rather than to 
detection of broad T helper subsets. At the procedural level, 
this conceptual difference is manifested in the stimulation of 
peripheral blood mononuclear cells with MHC-dependent nominal 
antigens, rather than by polyclonal stimuli, 

24. The methods claimed in the present application 
differ from the ELISPOT approach used by Lolli et ai . in a 
variety of conceptual and procedural respects: in the detection 
of cytokines intracellularly, rather than after secretion; in 
detection of antigen-specific T cells directly ex vivo, rather 
than after significant culture and in vitro expansion; in the 
large numbers of cells that can be tested in an automated 
device, in contrast to the small number of spots that are 
detected and counted visually; in the ease with which data can 
be collected, versus the time-consuming and tedious ELISPOT 
approach; in the mul tiparametric nature of the flow cytometric 
method - that is, in the ability to measure multiple 
parameters, such as multiple cytokines and/or multiple surface 
markers in a single assay — in contrast to the dedicated single 
parameter determination afforded by ELISPOT. I discuss several 
of these differences in more detail below. 

Lack of suggestion or reasonable expectation of success 
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25. In my opinion, the disclosure of Picker et al, 
(and, equivalently, the disclosures of Jung et ai . , Elson et 
al.f and Prussin et ai . ) would not have suggested to one of 
ordinary skill in the art^*^ that flow cytometric methods of 
detecting intracellular cytokines should be applied to the 
detection of antigen-specific T lymphocytes, or that if 
applied, such approach would have a reasonable expectation of 
success. Quite to the contrary, I believe that others of 
ordinary skill in the art would have read the Picker et ai . 
reference, as I had done, to suggest quite the opposite / that 
the procedure could not be successfully applied the detection 
of antigen-specific T lymphocytes. 

26. As noted above, I have reviewed applicants' 
response of March 1999. I agree with the argument set forth in 
the response that the percentage of cytokine-producing T cells 
observed by Picker et al . in the setting of a fully activating 
stimulus would have taught away from the methods now claimed, 
given the expectation at that time regarding the frequency of 
antigen-specific T lymphocytes expected in PBMC, I would, 
however, focus attention on a different set of numbers from 
those cited by the applicants in their response. 

27. To argue, as applicants did, that the percentage 
T lymphocytes responsive to specific antigen would have been 
expected to be far smaller than the percentage responsive to 
polyclonal stimuli states only half the problem, for if it were 
simply a matter of detecting rare events, more cells could be 
run through the cytometer. The other half of the problem lies 


" By "one of ordinary skill", I refer to a cellular 
immunologist having at least a graduate degree {Ph.D., M.D., or 
equivalent) and having laboratory experience with flow 
cytometry of lymphocytes, with ELISPOT, or with limiting 
dilution assay (LDA) , if not all three. 
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in the amount of noise in the detection system: the reason 
Picker et al . teach away from the present invention is that the 
frequency then expected of true antigen-specific events is not 
sufficiently above the level of noise reported in the system to 
suggest reliable detection. 

28. To see this most clearly, I direct the 
Examiner's attention to Picker et ai . ' s Figure 1 (page 1410). 
Looking at the middle panel of the top row, fully 0.1% of CDS" 
(CD4') cells and 1.1% of CDS' cells give a positive signal for 
IL-2 (middle panel), even without stimulation . Looking at 
gamma interferon (right-most of the Picker et al . FIG. 1 
panels), fully 0.8% of unstimulated CDS" {CD4') cells give a 
positive signal for y-lFN, even without stimulation. This is a 
measure of noise in the Picker et ai. system; in order to be 
detected reliably using the Picker et al . technique, a true 
event would need to be present in greater than about 1% of CD4^ 
or CDS" T cells, 

29. Turning, then, to the Lolli et aJ . references, 
which seem representative of ELISPOT reports in the art of the 
time, the median frequency of antigen-specific T cells reported 
is on the order of 0.01% of PBMC (about 10 IFN-y secreting T 
cells per 10^ PBMC) . Even accounting for the disparate 
denominators, these numbers are far below the level of noise 
reported by Picker et ai.^S* they would, therefore, be 
presumptively undetectable. 

30. There is, furthermore, substantial in vitro 
clonal expansion in the methods described by Lolli et ai. 

And close to the level of noise observed in our own work: 
although not fully comparable, our own false positive rates 
ranged from about 0.01 - 0.1%, Prussin et al., p. 122, cols. 1 
- 2. 
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Assuming a doubling time of about 12 hours, Lolli's 72 - 96 
hour incubation effects an expansion of about 50 to 150 fold in 
antigen-specific T cells prior to detection. The ELISPOT data 
of Lolli et al. thus argued particularly strongly against 
adapting the Picker et al . method for detection of antigen- 
specific T lymphocytes in samples freshly drawn from peripheral 
blood. 

31. To reiterate, nothing in Picker et al . would 
have suggested that the percentage of antigen-specific T cells 
could reliably be detected by a technique, flow cytometric 
measurement of intracellular cytokine, that has a noise level 
as high as 1.1%. Indeed, Picker et ai . ' s numbers, particularly 
in light of numbers provided by Lolli et al , , would have 
suggested that antigen-specific T lymphocytes could not be 
detected, teaching away from the present invention. 

32. I was, accordingly, quite surprised when I first 
heard of Louis's results; I hadn't thought it possible. And I 
think that this was the general reaction among those of 
ordinary skill in the art of cellular immunology. 

Adoption by those in the art 

33. Today, my lab uses the claimed methods as a 
major tool in all aspects our research. For example, we have 
used intracellular cytokine detection of antigen-specific T 
cells to demonstrate that vaccination with plasmid DNA encoding 
a specific leishmanial antigen is more effective than 
vaccination with leishmanial protein plus recombinant IL-12 in 
eliciting long-term immunity capable of controlling L, major 
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infection. As another example, we recently used 
intracellular cytokine detection of antigen-specific T cells to 
demonstrate that high numbers of HlV-specific CD8' T cells 
exist even in patients with high-level viremia and progressive 
disease." Applying the techniques to granulocytes as well as 
T cells, we recently demonstrated that early in the response to 
specific allergens, the lL-4 and IL-13 response by T cells is 
far lower than that by basophils, demonstrating that basophils 
are the predominant peripheral blood cells that express IL-4 
and IL-13 in the first 6 hours after activation by allergen 
antigens . 

34. None of the studies mentioned in the preceding 
paragraph would have been possible using the methods of Jung et 
al.f Elson et ai., Prussin et ai . , or Picker et ai . , which do 
not identify antigen-specific T cells; the studies are made 
possible by the invention described and claimed in the present 
application . 

Cytokines 


Gurunathan et ai . , "Vaccine requirements for sustained 
cellular immunity to an intracellular parasitic infection, " 
Nature Med. 4:1409 - 1415 {December 1998) (attached hereto as 
Exhibit C) . 

" Gea-Banacloche et ai . , "Maintenance of large numbers of 
virus-specific CD8' T cells in HIV-infected progressors and 
long-term nonprogressors, " J. Immunol, 165:1082 - 1092 (2000) 
(Exhibit D) . I would note in passing that the our introduction 
to this paper states explicitly that prior art techniques, LDA 
in particular, substantially underestimate the frequencies of 
antigen-specific T cells, confirming the substance of 
applicants' March 1999 response. 

" Devouassoux et ai . , "Frequency and characterization of 
antigen-specific IL-4- and IL-1 3-producing basophils and T 
cells in peripheral blood of healthy and asthmatic subjects," 
J. Allergy Clin, Immunol. 104:811-819 (1999) (Exhibit E) . 
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35. I understand that the Examiner also questions 
whether the claimed methods of detecting antigen-specific T 
lymphocytes can, without undue experimentation, be practiced by 
detecting other than the explicitly named cytokines. The 
answer is yes. 

36. There are really two questions here: the first 
is whether the skilled artisan would readily be able to 
identify cytokines, other than those specifically named in the 
present specification, that can serve as a signal of antigen- 
specific T cell stimulation; the second is whether, for those 
cytokines that can serve as indicators of antigen-specific T 
cell stimulation, one skilled in the art would be able to 
detect them in the claimed methods. 

37. With respect to the first of these questions, it 
is certainly true that not all cytokines are expressed by T 
lymphocytes. It is equally true, however, that the skilled 
cellular immunologist would be able easily to determine which 
are so expressed. 

38. The simplest method, of course, would be to look 
in the literature to see which cytokines are known to be 
expressed by T lymphocytes. 

39. As I mentioned above, Jung et al . , Elson et ai . , 
Prussin et ai . , and Picker et ai . all chose to detect cytokines 
that had earlier been shown to be produced by activated T 
lymphocytes, collectively exemplifying measurement of IL-2, IL- 
4, IL-5, and IL-13. Picker et ai . , describing earlier 
published work, further disclosed that TNF[i, IL-6 and IL-10 are 
produced by activated T lymphocytes. Still other references 
had reported the expression of additional cytokines by 


- 13 - 


activated lymphocytes. For example, Andersson et al . 
reported that 19 different cytokines could be detected 
immunocytochemically, adding IL-la, IL-3, IL-8, GM-CSF, G-CSF, 
TNFa, TGF-pi-3 and IL-1 receptor antagonist to the list of 
cytokines known at the time to be expressed by activated 
lymphocytes , 

40. I will not here exhaustively review the cytokine 
literature. It suffices here to note that the skilled 
immunologist would readily have been able, in late 1996, early 
1997, to identify cytokines not explicitly named in applicants' 
specification that would be expected to be expressed by 
activated T lymphocytes and that would, accordingly, be 
suitable indicators of antigen-specific T cell stimulation. 

41. Turning, then, to the second of the two 
questions, I have already noted above that neither Jung et ai., 
Picker et al . , nor we had to raise our own antibodies. Nor, 
typically, would one attempting to use a "new" cytokine as a 
marker of antigen-specific stimulation in the methods of the 
present invention. 

42. Typically, to adapt the methods of the present 
invention to detection of a cytokine known to be expressed by 
activated T cells, but not yet reported to have been detected 
intracellularly after antigen-specific stimulation, one would 
obtain three to four distinct antibodies already known to be 
specific for that cytokine, and test each in turn in the 
present method to see which gives the best results; it would be 
simply a matter of routine optimization, varying the antibody 
and antibody concentration to optimize the signal to noise 


Andersson et al . , "Concomitant in vivo production of 19 
different cytokines in human tonsils," Immunology 83:16 - 24 
(1994) {Exhibit F) . 
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ratio. Given the high level of skill in the art, I would 
venture that such optimization would be routine for most, if 
not all, cellular immunologists . If the antibody were not 
available directly conjugated to fluorophore, these pilot 
experiments could be done, as in the early days, using a 
secondary antibody for two step immunofluorescence detection. 
Again, such two stage labeling is a matter of routine in 
cellular immunology labs. 
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43. 


I declare further that all statements made 


herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true and 
further that these statements were made with the knowledge 
that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and may jeopardize 
the validity of the app2ication or any patent that issues 
thereon . 
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DECLARATION OF JOHN D. ALTMAN, Ph.D 
UNDER 37 C.F.R. § 1.132 


I, JOHN D. ALTMAN, Ph.D., declare and state as 


1. Having devoted considerable effort to problems 
that require the identification and enumeration of antigen- 
specific T cells, I have been asked to address the question 
whether the methods for detecting antigen-specific T cells 
described and claimed in the above-referenced patent application 
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would have been obvious in late 1996 and early 1997 to those of 
us who were skilled in cellular and molecular immunology. 

2. The short answer is that the methods described 
and claimed in the instant application revolutionized the field 
of cellular immunology/ solving a long-sought but unmet need. 
Nothing in the art of which I was personally aware at the time, 
and nothing certainly in the references cited by the patent 
Examiner, would have suggested or motivated the line of inquiry 
pursued by Skip Maino and Louis Picker; nothing in my own 
experience, and nothing certainly in the references cited by the 
patent Examiner, would have intimated that such an approach 
would be attended by a reasonable expectation of success. 
Indeed, much of the art taught away from the present invention, 
rendering the results all the more surprising. 

3. I am presently an Assistant Professor of 
Microbiology and Immunology at Emory University School of 
Medicine, a Member of the Emory Vaccine Center, and a Pew 
Scholar in the Biomedical Sciences. I neither consult for nor 
have financial interest in the assignee of the present 
invention. My curriculum vitae is attached hereto as Exhibit A. 

4. My lab at Emory addresses issues of T cell 
response to viruses and to antiviral vaccines. In collaboration 
with Peter Doherty's laboratory at St. Jude Children's Research 
Hospital, for example, we have used murine y-herpesvirus 
infection (a model for human infection by Epstein-Barr virus and 
human herpesvirus 8) to clarify the roles of antigen-specific 
CD4' and CD8^ T cells during the lytic, latency, and 
reactivation phases of infection. For example, we have shown 
that even though antigen-specific CDS" T cells may be present at 
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the time and site of virus challenge, establishing a high level 
of CD8' T cell memory to lytic-phase epitopes alone does not 
protect against the longer-term consequences of yHV infection.^ 
We have also shown that virus-specific CD8' T cell numbers are 
maintained during y-herpesvirus reactivation in CD4-def icient 
mice.^ More recently, we demonstrated that postexposure 
vaccination increases the prevalence of y-herpesvirus-speci f ic 
CD8' T cells, but confers minimal survival advantage on CD4- 
deficient mice.^ In other work, we have studied the virus- 
specific T cell responses through the development, effector, and 
recovery phases of primary and secondary influenza pneumonia.'* 

5. Critical to all of this work is the ability to 
detect and accurately to enumerate antigen-specific T cells. 

6. My interest in measuring antigen-specific T cell 
responses dates back to my postdoctoral work in Mark Davis's lab 
in the Department of Microbiology and Immunology at Stanford 
Medical School. In the 1980s, the Davis lab cloned the genes of 
the TCR ^, TCR a, and TCR 5 subunits. By the time of my arrival 
in the early 90 's, Mark's lab was applying this knowledge to 
basic questions about the antigen-specificity of T cell 
responses , 


^ Stevenson et ai., Proc. Natl. Acad, Sci , USA 96:9281- 
9286 (August 1999) (attached hereto as Exhibit B) . 

2 Stevenson et ai . , Proc. Natl, Acad. Sci, USA 95:15565- 
15570 (December 1998} (attached hereto as Exhibit C) . 

^ Belz et al., Proc. Natl, Acad. Sci, USA 97 ( 6 ): 2725-2730 
(March 14, 2000) (attached hereto as Exhibit D) . 

* Flynn et al . , Proc. Natl. Acad. Sci, USA 96:8597-8602 
(July 1999) (attached hereto as Exhibit E) . 
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7. These efforts are perhaps best exemplified in 
McHeyzer-Williains et ai . , "Antigen-specific development of 
primary and memory T cells in vivo^"^ in which the Davis lab 
relied upon the known uniformity in TCR ap usage in the murine 
response to pigeon cytochrome C, along with homogeneity in the 
length of the third complementarity-determining region (CDR3) of 
TCR subunits as a surrogate marker for antigen-specific T cells. 
I think that two points can reasonably be inferred from the 
extreme efforts, including the use of single cell PGR, that were 
undertaken in this paper to detect and enumerate antigen- 
specific T cells: first, there was tremendous motivation in the 
field to develop methods that would permit the detection and 
accurate enumeration of antigen-specific cells at the single 
cell level; and second, there were no methods then readily 
available that met this need. 

8. It was against this backdrop that I undertook 
with Mark and Mike McKeyzer-Williams to develop a better method. 
The result, described and claimed in U.S. Patent No. 5,635,363 
{attached hereto as Exhibit G) , uses tetrameric MHC molecules, 
complexed to peptide, to stain T cells that are specific for the 
peptide/MHG complex. Detection and enumeration is then 
performed by flow cytometry. Peter Doherty, 1996 Nobel Laureate 
in Medicine or Physiology, has been gracious enough to describe 
the tetramer technology as one of two technological advances 
that has revolutionized analysis of immunity mediated by CD8" T 
cells. 


^ Science 268:106-11 {April 1995) (attached hereto as 

Exhibit F) . 

* Doherty, Curr, Opin. Microbiol, 1:419-422 (1998) 
(attached hereto as Exhibit H) . 
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9. The other "involves short-term {5-6 hours) 
stimulation of T cells with viral peptide in the presence of 
Brefeldin A, followed by fixation and staining for cytoplasmic 
interferon-Y (IFN-y),"^ which I understand to be an embodiment 
of the invention described and claimed in the instant patent 
application . 

10. It should be clear that as motivated as we were 
to develop methodology to detect and enumerate antigen-specific 
T cells, we did not ourselves invent the methods pioneered by 
Maino and Picker. And the same can of course be said of the 
large number of other highly motivated groups working in this 
field. 

11. I have read the office action mailed March 21, 
2000 with respect to the instant application and I have reviewed 
the references cited therein by the Patent Examiner. I have 
also read the specification and pending claims of the instant 
application, and applicants' response of March 1999. In my 
opinion, none of the references cited by the Examiner, alone or 
in combination, would have motivated the person of ordinary 
skill in our art* to attempt the methods presently claimed. 


'' Doherty, supra, at 420, col. 2. 

^ I have been asked to identify the credentials of this 
hypothetical person of "ordinary skill in the art". I would 
say that the person of ordinary skill has at least a Ph.D., 
if not further postdoctoral training, in some aspect of 
immunology, likely cellular immunology, and has experience 
in culturing and enumerating lymphocytes. 
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12. The Examiner cites Picker et ai.* as a primary 
reference in his obviousness rejection. Correctly noting that 
"Picker et al. differs from the instant methods by using 
polyclonal activators or superantigen stimulation, " the patent 
Examiner then concludes that "the ordinary artisan was 
[therefore] well motivated to apply various analyses to detect 
antigen specific activation of T cells." Office Action at 5. 

13. As I have already noted in the paragraphs above, 
I agree that "the ordinary artisan [would have been] . . . well 
motivated to apply various analyses to detect antigen specific 
activation of T cells": we were indeed ourselves highly 
motivated. However, this generalized motivation to solve the 
problem is by no means the same as having been motivated by the 
Picker et al . disclosure to solve the problem of detecting 
antigen-specific activation of T cells by modifying the Picker 
et al . technology itself. 

14. A major reason is that Picker et ai . ' s results 
were consistent with the then-prevailing wisdom that the number 
of antigen-specific T lymphocytes would be too low to detect by 
flow cytometry; consistent with the prior art understanding, 
nothing in the Picker et al , reference itself would have 
suggested that the assay be adapted to measure antigen-specific 
T cells. It would, in fact, have argued against such 
modification . 

15. Polyclonal mitogens and superantigens stimulate a 
far greater percentage of T lymphocytes than do MHC-dependent 


* Picker et ai . , "Direct Demonstration of Cytokine 
Synthesis Heterogeneity Among Human Memory/Effector T Cells 
by Flow Cytometry," Blood 86:1408-1419 (1995). 


- 6 - 


nominal antigens. Yet even after the "fully activating 
stimulus"^^ by polyclonal mitogen (PMA+I)," Picker observed that 
only 2.5 % of CDS" lymphocytes, and only 0.8 % of CD8' cells, 
could be shown to express IL-4 . Analogously, after stimulation 
of 20 . 9 % of CD4^ cells by superantigen, only 1 . 8 % of the 
CD69'CD4' cells could be shown to express IL-4 (Picker Fig. 3) . 
IL-2 and y-lFN were produced in a higher percentage, but still 
only in a subset of the activated T cells. 

16. Prior art assays, particularly limiting dilution 
assays ("LDA"), had suggested that the percentage of T cells 
that would respond to nominal antigen would be far lower than 
the percentages Picker et al. observed responding after a "fully 
activating stimulus". It was reasonable, therefore, for the 
person of ordinary skill in immunology, upon reading the Picker 
et al, paper, to assume that the intracellular cytokine assay 
would be unable to detect and reliably report the number of 
antigen-specific T cells. 

17. The Examiner emphasizes, however, that Picker et 
al . measure intracellular cytokine synthesis on a single cell 
basis. Although true, that fact is beside the point: the issue 
is not whether one could detect an individual event, should it 
be present, but rather whether a sufficient number of such 
individual events would be expected to be present upon 


^° Picker et ai . , page 1417, col. 1. 

Picker et ai.'s figure 1 shows that, after 4 hours' 
incubation with PMA+I and Brefeldin A (BFA) , fully 94 .7 % of 
CDS" (that is, CD4' cells) become CD69% indicating 
activation; Picker et ai.'s figure 1 further shows that 
96. 4 % of CDS' lymphocytes become CD69' after incubation with 
PMA+I and BFA. 
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stimulation with MHC-dependent nominal antigen as to render such 
events readily detectable by flow cytometry. Picker et al.'s 
results, coupled with the then-prevailing wisdom, would have 
predicted that they could not. 

18. We now know, based in part upon use of the very 
assay claimed in the instant application, and based in part also 
upon use of our tetramer assay, that LDA substantially 
underestimates the number and percentage of antigen-specific T 
cells. Although we may have suspected that LDA provided an 
underestimate, we did not then suspect the magnitude of such 
undercounting . I think that it is quite telling that Peter 
Doherty entitles his 1998 Current Opinion review "The New 
Numerology of Immunity Mediated by Virus-Specific CD8^ T 
Cells" 


19. The Examiner's reliance upon Picker et ai . ' s use 
of cells from delayed-type hypersensitivity (DTH) sites (Office 
Action p. 6) to argue otherwise is misplaced. Rather than 
evincing an attempt by Picker et ai . to detect T cells specific 
for the immunogen, i.e. mumps antigen. Picker et ai . ' s efforts 
are directed instead "[t]o determin [ ing] whether the ability of 


" See Exhibit H. 

That said, I must take issue with the unqualified 
nature of the language in applicants' March 1999 response 
that "the LDA data and ELISPOT data in the prior art were 
wrong." It really depends on what you expect assays such as 
the LDA to report: if you expect LDA to report the frequency 
of cells that proliferate and ultimately give a score in the 
LDA, clearly it's not wrong, that's what the data are; if, 
on the other hand, you expect LDA to report the frequency of 
circulating T cells that are antigen-specific before 
extensive in vitro culture, then the data indeed provide a 
substantial underestimate. 


- 8 - 


CD4' memory/effector T cells to heterogeneously produce the 
cytokines under study was a function of the nature of the 
activating stimulus, the presence or absence of accessory cells, 
or the site from which the T cells were obtained. ..." 
Consonant with this goal, stimulation for purpose of assay was 
with superantigen, not the MHC-dependent mumps antigen itself 
(Picker et al., pages 1413-1414). 

20. In summary, despite strong motivation in the art 
to develop assays that would permit the detection and 
enumeration of antigen-specific T cells, neither we nor others 
in the art were motivated to adapt the Picker et al. 
intracellular cytokine technology to such detection. The 
principal reason was that the Picker et al. disclosure itself, 
consistent with prior art data, taught away from its successful 
modification, suggesting that too few antigen-specific events 
would be present to permit their ready and reliable detection. 

21. Turning, then, to the Examiner's comment that 
"[b]oth Lolli et al. references teach and provide an expectation 
of success in detecting antigen-specific responses, including T 
cells respons[ive] to CMV antigen, including measuring the 
production of cytokines (e.g. yl^N) from single T cells," Office 
Action at page 5, that does not really speak to whether there 
would have been any expectation of success in detecting antigen- 
specific responses, including T cells respons[ive] to CMV 
antigen, including measuring the production of cytokines {e.g. 
y-IFN) from single T cells" using the flow cytometric techniques 
of the present invention. Additionally, the Examiner has 
overlooked an essential methodologic aspect of Lolli et ai . ' s 
ELISPOT approach that would teach away from the present 
invention . 
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22. In each of the two Lolli et ai. references, there 
is substantial in vitro culture of the lymphocytes prior to 
detection. In the measurement of T cell responses to CMV 
antigens/^^ for example, the authors culture the cells 76 hours 
before placing them in the ELISPOT plate and then culture in the 
ELISPOT plate for additional 16 - 20 hours (p. 57, col. 2). In 
the measurement of T cell responses to HIV antigens, Lolli et 
al. culture the cells 76 hours directly in the ELISPOT plate (p. 
116, col. 2) . In each case, those skilled in the art would have 
assumed that the purpose of the culture was to expand the number 
of antigen-specific T cells prior to detection. Far from 
speaking to a reasonable expectation of successfully adapting 
the Picker et ai. technology to detection of antigen-specific T 
cells, the two Lolli et al . references instead suggest, 
consistent with Picker et al . and prior art results, that 
antigen specific T cells cannot readily be detected without 
antecedent amplification of their number." 

23. Thus, I disagree with the Examiner that the two 
Lolli et al. references would have suggested to one of ordinary 
skill in the art of cellular immunology in late 1996 or early 
1997 that adapting the Picker et ai . technology to detection of 


" Lolli et ai., FEMS Immunol, Med. Microbiol, 7:55 - 62 

(1993) . 

" Lolli et ai., AIDS Res. Hum, Retrovir, 10 (2 ): 115-120 

(1994) . 

The Lolli et al . references particularly teach away 
from the whole blood embodiments of applicants' invention. 
Not only do the references suggest that necessity of in 
vitro culture, but both further teach the depletion of 
monocytes prior to the in vitro culture. 
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antigen specific T cells would have been attended by a 
reasonable expectation of success. 

24. In short, I disagree with the Examiner that one 
of ordinary skill in the art, at the time the instant 
application was filed, would have found the invention to have 
been obvious. 

25. I would also argue that the rapid and widespread 
embrace of this assay by cellular immunologists around the world 
is evidence of the degree to which the invention provided an 
elegant solution to a long felt need in the art. 

26. Flow cytometric measurement of intracellular 
cytokine production has rapidly become a required technique in 
cellular immunology. We, and I would venture to say most others 
in the field of cellular immunology, now routinely use flow 
cytometric measurement of intracellular cytokine synthesis to 
detect antigen-specific T cells. We use it as a complement to 
tetramer staining;^*' other labs use it exclusively. 

27. To conclude, the invention described and claimed in 
the instant application revolutionized cellular immunology, 
providing an elegant and now widely adopted solution to a long-felt 
problem. Had the invention indeed have been obvious, then I expect 
that others of us, as highly motivated as we were to develop means 
to detect antigen-specific T cells, would be among the named 


" See, e.g., Stevenson et ai., Proc. Natl, Acad, Sci . USA 
96:9281-9286 {August 1999) (Exhibit B) ; Stevenson et ai . , 
Proc, Natl. Acad. Sci, USA 95:15565-15570 (December 1998) 
(Exhibit C); Belz et ai . , Proc. Natl. Acad. Sci. USA 
97 (6) : 2725-2730 (Exhibit D) . 
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inventors; we of course are not, and I am thus pleased to 
offer these comments in support of the present inventors' 
nonobvious contribution to the art. 


28. 


I declare further that all statements made 


herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true. I 
further declare that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and may 
jeopardize the validity of the application or any patent 
that issues thereon. 
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8. McHeyzer-Williams, M. G., Altman, J. D., Davis, M. M. (1996). " Enumeration and 
Characterization of Memory Cells in the Th Compartment" , Immunol. Rev. 150, 5-21. 

9. McHeyzer-Williams, M. G., Altman, J. D., Davis, M. M. (1996). " Tracking AnUgen- 
Specific T Cell Responses" , Curr Opin, Immunol 8(2), 278-284. 

10. Altman, J. D.. Moss, P. A. H., Barouch, D. H., Goulder, P. G., McHeyzer-Williams. M. G., 
Bell, J. I., McMichael, A. J., Davis, M. M. (1996). " Phenotypic Analysis of Antigen- 
Specific T Lymphocytes" , Science, 274, 94-96, 

11. " Stability of Empty and Peptide- Loaded Class II MHC Molecules at Neutral and Endosomal 
pH: Comparison to Class I Proteins" , Reich, Z., Altman, J. D., Boniface, J. J., Lyons, D. S., 
Kozono, H., Ogg, G., Morgan, C. Davis. M. M. Proc. Natl. Acad. Set, U.S.A., 94, 2496- 
2500 (1997). 

12. " A nonclassical MHC class I molecule, TIO, lacks peptide yet is thermally stable and 
immunologically competent" , Crowley, M.P., Reich, Z., Mavaddat, N., Altman, J.D., 
Chien, Y-h. J. Exp. Med, 185, 1223-1230 (1997). 

13. Murali-Krishna. K., Altman, J.D., Suresh, M., Sourdive, D., Zajac. A., Miller. J. P., 
Slansky, J., Ahmed, R. " Counting Antigen Specific CDS T cells: A Re-evaluation of 
Bystander Activation During Viral Infection" Immunity , S{2) , 177-187 (1998) (Murah- 
Krishna and Altman are co-first authors) . 

14. GiitgemannJ., Fahrer, A. M., Altman, J. D., Davis, M. M., Chien, Y.-h. " Induction of rapid 
T cell activation and tolerance by systemic presentation of orally administered antigen." , 
Immunity,^, 667-673 (1998). 

15. Flynn. K. J., Belz. G. T., Altman, J. D., Ahmed, R., Woodland, D. L., Doherty, P. C. 

" Virus-Specific CD8' T Cells in Primary and Secondary Influenza Pneumonia." Immunity, 
8, 683-691. (1998). 

16. Sourdive. D. J. D., Murah- Krishna, K., Altman, J. D., Zajaz, A. J.. Whitmire, J., Pannetier, 
C, Kourilsky. P., Evavold, B., Sette, A.. Ahmed, R. " Conserved TCR repertoire in primary 
and memory CDS T cell responses to an acute viral infection." J. Exp. Med., 188(1), 71-82 
(1998). 

17. Bousso. P., Casrouge, A., Altman, J, D. . Haury, M. Kanellopoulos, J. Abastado, J. -P., and 
Kourilsky, P.* " Individual variations in the murine T cell response to a specific peptide 
reflect variability in naive repertoires." (1998). Immunity, 9, 169-178. 

18. Murali-Krishna, K., Altman, J. D., Suresh. M., Sourdive, D., Zajac, A.. Ahmed, R. (1998) 
" In vivo Dynamics of Anti-Viral T Cell Responses to Different Epitopes: An Evaluation of 
Bystander Activation in Primary and Secondary Responses to Viral Infection." In 
Mechanisms of Lymphocyte Activation and Immune Regulation VII. Gupta et al, ed. Plenum 
Press. NY 1998. 
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19. Boniface, J. J.. Rabinowitz, J. D., Wulfing, C, Hampl, J., Reich, Z., Altman, J. D., Kantor, 
R. M., Beeson. C. McConnell, H. M. & Davis, M. M. (1998). " Initiation of Signal 
Transduction through the T Cell Receptor Requires the Peptide Multivalent Engagement of 
MHCLigands." Immunity, 9, 4^9-4%. 

20. Zajac, A. J., Blattman, J. N., Suresh, M., Murali- Krishna, K., Altman, J. D., Ahmed, R. 

" Viral Immune Evasion due to Persistence of Activated T-Cells Without Effector Function." 
J. Exp. Med. 188(12). 2205-2213. 

21. Vance, R. E., Kraft, J. R., Altman, J, D„ Jensen, P. E., Raulet, D. H. (1998). " Mouse 
CD94/NKG2A is a Natural Killer Cell Receptor for Qa-l', a Nonclassical MHC Class I 
Molecule." J. Exp. Med., 188, 1841-1848. 

22. Belz, G. T., Altman, J. D., Doherty, P. C. (1998). " Characteristics of virus-specific CD8* T 
cells in the liver during the control and resolution phases of influenza pneumonia." Proc. 
NaU. Acad. Set, U.S.A., 95, 13812-13817. 

23. Stevenson. P. G., Belz, G. T., Altman, J. D., Doherty, P. C. (1998) " Virus-specific CD8^ T 
cell numbers are maintained during y-herpesvirus reactivation in CD4-deficient mice." Proc 
Natl Acad Sci U.S.A. , 95. 15565-70. 

24. Murali-Krishna, K., Altman, J. D., Suresh, M., Sourdive, D.. Zajac, A., Ahmed, R. (1998). 
Adv. Exp. Med. Biol. 452. 123-142. 

25. Altman, J. D., Safrit. J. T. (1998) " MHC Tetramer Analyses of CD8+ T Cell Responses to 
HIV and SIV" , in HIV Molecular Immunology Database 1998 (Los Alamos National 
Laboratory), IV- 36. 

26. Bieganowska, K., Hbllsbert, P., Buckle, G. J., Lim, D.-G., Greften, J., Schneck. J., Altman, 
J. D., Jacobson, S., Ledis, S. L.. Hanchard. B.. Chin, J., Morgan, 0., Roth, P. A. & Hafler, 
D. A. (1999). " Direct analysis of viral-specific CD8"^ T-cells with soluble HLA-A2/Taxll- 
19 tetramer complexes in patients with HTLV-I-associated myelopathy." J. Immunol. 162. 
1765-1771. 

27. Riberdy. J. M., Flynn, K. J., Stech, J., Webster. R. G., Altman, J. D. & Doherty, P. C. 

" Protection Against a Lethal Avian Influenza A Virus in a Mammalian System." (1999). J. 
Virol, 73, 1453-1459. 

28. Stevenson, P. G., Belz, G. T., Altman, J. D., Doherty, P. C. (1999). " Changing patterns of 
dominance in the CD8' T cell response to acute and persistent murine y-herpesvirus 
infection." Eur. J. Immunol, 29. 1059-1067. 

29. Gray, C. M., Lawrence. J., Schapiro, J., Altman, J. D., Winters. M.. Crompton, M., Loi. M., 
Kundu, S.. Davis. M. M.. Merigan, T. C. " Frequency of Class I Restricted Anti-HIV CD8^ 
Cells in Individuals Receiving Highly Active Antiretroviral Therapy (HAART)." (1999). J. 
Immunol, 162, 1780-1788. 
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30. Cousens, L. P., Peterson, R., Hsu, S., Dorner, A., Altman, J. D., Ahmed, R.. Biron, C. A. 
" Two Roads Diverged: IFN-a/p- and IL-12-Mediated Pathways in Promoting T Cell 
Responses During Viral Infection." (1999). 189. 1315-1328. 

31. Wilson, C. S., Moser, J. M., Altman, J. D., Jensen, P. E. & Lukacher, A. E. (1999). 

" Cross-Reactive Recognition of Middle T Protein Epitopes by Immunodominant Polyoma 
Virus-Specific CTL." J. Immunol., 162, 3933-3941. 

32. Flynn. K. J., Riberdy, J. M„ Christensen, J. P. Altman, J. D. & Doherty, P. C. (1999) " In 
vivo prohferation of naive and memory influenza-specific CD8+ T cells. Proc. Natl Acad. 
ScL, USA, 96, 8597-8602. 

33. Baldwin, K. K., Trenchak. B. P., Altman, J, D., Davis, M. M. (1999). Negative Selection of 
T Cells Occurs Throughout Thymic Development. J. Immunol. 163, 689-698. 

34. Hanke, T.. Takizawa, H., McMahon, C. W., Busch, D. H., Pamer, E. G., Miller, J. D., 
Altman, J. D., Liu, Y., Cado, D., Lemonnier, F. A., Bjorkman, P. J., Raulet, D. H. (1999). 
" Direct assessment of MHC class I binding by seven Ly49 inhibitory NK cell receptors." 
Immunity, 11, 67-77. 

35. Usherwood, E. J.. Hogan, R. J., Crowther, G., Surman, S. L., Hogg, T. L., Altman. J. D., 
Woodland, D. L. (1999). " Functionally Heterogeneous CD8+ T-Cell Memory Is Induced by 
Sendai Virus Infection of Mice." J. Virol, 73 (9). 7278-7286 

36. Lukacher, A. E., Moser, J. M., Hadley, A. & Altman. J. D. (1999). " Visualization of 
Polyoma Virus-Specific CD8+ T Cells In Vivo During Infection and Tumor Rejection." J. 
Immunol, 163, 3369-3378. 

37. Bergmann, C. C, Altman. J. D., Hinton, D. & Stohlman, S. A. (1999). " Inverted 
Immunodominance and Impaired Cytolytic Function of CDS T Cells During Viral 
Persistence in the CNS." J. Immunol, 163. 3379-3387. 

38. Zajac, A. J., Vance, R. E.. Held, W.. Sourdive. D. J.. Altman. J. D.. Raulet, D. H. & 
Ahmed, R. (1999). " Impaired anti-viral T cell responses due to expression of the LY49A 
inhibitory receptor. " J Immunol 163, 5526-34. 

39. Puglielli, M. T., Browning, J. L., Brewer, A. W., Schreiber, R. D., Shieh, W. J., Altman, J. 
D., Oldstone, M. B., Zaki, S. R. & Ahmed. R. (1999). " Reversal of virus-induced systemic 
shock and respiratory failure by blockade of the lymphotoxin pathway." Nat Med., 5, 1370- 
1374. 

40. Murali-Krishna, K., Lau. L. L., Sambhara. S.. Lemonnier. F., Altman, J. & Ahmed, R. 
(1999). " Persistence of Memory CD8 T Cells in MHC Class I-Deficient Mice." Science, 
286, 1377-1381. 

41. Lefrancois, L., Altman. J. D., Williams, K. & Olson, S. (2000). " Soluble antigen and 
CD40 triggering are sufficient to induce primary and memory cytotoxic T cells." J. 
Immunol, 164, 725-32. 
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42. Tan, J. T., Whitmire, J. K., Murali-Krishna, K., Ahmed, R., Altman, J. D., Mittler, R. S., 
Sette, A., Pearson, T C. & Larsen, C. P. (2000). "4-lBB costimulation is required for 
protective anti-viral immunity after peptide vaccination." J. Immunol.^ 164, 2320-5. 

43. Belz, G. T., Stevenson, P. G., Castrucci, M. R., Altman, J. D. & Doherty, P. C. (2000). 
"Postexposure vaccination massively increases the prevalence of gamma - herpesvirus- specific 
CD8+ T cells but confers minimal survival advantage on CD4-deficient mice." Proc, Natl. 
Acad Sci. U. S. A., 97, 2725-30. 

44. Belz, G. T., Xie, W., Altman, J. D. & Doherty, P. C. (2000). "A previously unrecognized H- 
2D(b)-restricted peptide prominent in the primary influenza A virus-specific CD8(+) T-cell 
response is much less apparent following secondary challenge." J. Virol., 74, 3486-93. 

45. Drake, D. R., 3rd, Moser, J. M., Hadley, A., Altman, J. D., Mahszewski, C, Butz, E. & 
Lukacher, A. E. (2000). "Polyomavirus-Infected Dendritic Cells Induce Antiviral CD8(+) T 
Lymphocytes." y. ViroL, 74, 4093-4101. 

46. Grayson, J. M., Zajac, A. J., Altman, J. D, & Ahmed, R. (2000). "Cutting Edge: Increased 
Expression of Bcl-2 in Antigen-Specific Memory CD8+ T Cells." J. Immunol., 164, 3950- 
3954. 

47. Harrington, L. E., Galvan, M., Baum, L. G., Altman, J. D. & Ahmed, R. (2000). 
"Differentiating between Memory and Effector CDS T Cells by Altered Expression of Cell 
Surface O-Glycans." J. Exp. Med, 191, 1241-1246. 

48. Blattman, J. N.. Sourdive, D, J. D.. Murali-Krishna, K.. Ahmed, R. & Altman, J. D. 

" Evolution of the T Cell Repertoire during Primary, Memory, and Recall Responses to Viral 
Infection." J. Immunol, (in press). 

49. Allen, T. M., Vogel, T. U.. Fuller, D. H., Mothe, B. R., Steffen. S., Boyson. J. E., Shipley, 
T., Fuller, J., Hanke, T., Sette. A., Altman, J. D., Moss, B., McMichael, A. J.. Watkins, D. 
I. (1999). " An Epitope-based DNA/MVA Vaccine Induces Levels of Antigen-Specific CTL 
Equivalent to those Observed in Acutely SIV-Infected Rhesus Macaques." J. Immunol (in 
press) . 

50. Gea-Banacloche. J. C, Martino, L., Migueles, S., Shupert, W. L., Prussin, C, Stevens, R., 
Lambert, L.. Bernaldo de Quiros, J. C. L., Altman. J. D., Connors, M. (1999). 

" Maintenance of Large Numbers of Virus Specific CD8^ T Cells in HIV Infected Long 
Term Non-Progressors." J. Immunol, (submitted). 
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Invited Lectures: 


" The Kinetics of Antiviral T Cell Immune Responses." Plenary session at the American 
Association of Immunologists Annual Meeting, May 13, 2000. 

" Vaccine induced T cell immune responses in rhesus macaques." University of Toronto, March 
7, 2000. 

" The Kinetics of Antiviral T Cell Immune Responses," Keystone Meeting on " Cell Biology of 
Virus Entry, Replication and Pathogenesis" , March 3, 2000. 

" Preparation and use of MHC Tetramers Workshop Meeting of the European Concerted 
Action 'Correlates of Protective Immunity to HIV Infection And Disease' Group, Wiirzburg, 
Germany, February 14-16, 2000. 

" Quantitative Analysis of Antiviral T Cell Responses." Rush Presbyterian Medical College, 
Chicago, IL. January 17, 2000. 

" Quantitative Analysis of Antiviral T Cell Responses." Harvard Medical School. December 10, 
1999. 

" Quantitative Analysis of Antiviral T Cell Responses." Autumn Immunology Conference, 
Chicago, IL October 21, 1999. 

" Application of tetramer technology in the rhesus macaque" , Office of AIDS Research/NCRR 
Workshop on " MHC Typing Issues and Breeding of Genetically Defined Nonhuman 
Primates for AIDS Vaccine Studies." Bethesda, MD. August 24, 1999. 

" Direct ex vivo analysis of antigen-specific T cell responses" , NCI/NIAID Workshop on 
Infectious Etiologies of Chronic Diseases, Rockville, MD, June 14, 1999. 

" Quantitative Analysis of Antiviral T Cell Immune Responses." Medical College of Georgia, 
Augusta, GA, May 20, 1999. 

" The New Math of Antiviral T Cell Responses" , 1999 Viruses and Cells Gordon Conference, II 
Ciocco, Italy, May 6, 1999. 

" The MHC Tetramer Core Facility." NIAID Workshop on MHC Tetramers, Washington, DC, 
April 22, 1999. 

" Direct quantitation of cellular immune responses to HIV: New tools to study antiviral immune 
responses and guide HIV vaccine development." American Federation for Medical Research 
(part of the 1999 FASEB meeting), Washington DC. April 21, 1999. 

" Quantitative Analysis of AnUviral CD8+ T Cell Responses." Wake Forrest University, April 8, 
1999. 


Curriculum Vitae 


9 


John D. AltTTian 


" What are the T cells stained by tetramers" , Novartis Foundation Discussion Meeting, London, 
March 12, 1999. 

" T Cell Memory" , Symposium Chair, Royal Society Meeting, March 11, 1999. 

" Analysis of cross- reactivity in antigen-specific CD8' T cells by analysis of peptide-stimulated 
intracellular IFN* production and staining with MHC tetramers," NIH Workshop on 
Assessing Cytokine Responses in Vaccinated Macaques, Rockville, MD, February 11, 1999. 

" Defining T Cell Memory" , Epimmune, January 27, 1999. 

" Defining T Cell Memory" , The Scripps Research Institute, January 26, 1999. 

" Defining T Cell Memory" , Plenary session presentation at Keystone Conference, Joint Meeting 
on HIV Vaccine Development and AIDS Pathogenesis, January 8, 1999. 

" Massive CD8+ T Cell Responses to Viral Infections" , August 21, 1998, International 
Symposium on The Major Histocompatibility Complex: From Genes to Function. 
Queensland, Australia. 

" The New Math of Antiviral T Cell Responses," St. Jude Children's Hospital. Memphis 
Tennessee. July 13, 1998. 

" The New Math of Antiviral T Cell Responses," July 27, 1998, Merck Laboratories. 

" Direct Identification of Antigen-Specific T Cells" , October 19, 1997, American Society for 
Histocompatibility and Immunogenetics. 

" Evaluation of HIV Specific CD8+ T Cell Responses by Staining with MHC Tetramers" , July 
21, 1997, AIDS Clinical Trials Group Meeting. 

" Direct Identification of Antigen- Specific T Cells" , May 5, 1997, National Cooperative Vaccine 
Development Group Conference, National Institutes of Health. 

" Direct Identification of Antigen-Specific T Cells" . February 19, 1997, Merck Laboratories. 
Editorial Boards 


Virology 
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Journal Reviews 

Cellular Immunology 
Immunity 

International Immunology 
Journal of Immunology 
Journal of Virology 
Tissue Antigens 
Virology 

Service Activities 

Panel Member, Strategic Planning Meeting for NIH Vaccine Research Center. Washington, D.C. 
April 16-17. 1999. 

Panel Member. NIH-sponsored MHC Tetramer Workshop, Bethesda, MD April 22, 1999. 

Panel Member, NCI/NIAID-sponsored Workshop on Infectious Etiologies of Chronic Diseases, 
Rockville. MD.. June 13-14. 1999. 

Conference Symposium Chair, Autumn Immunology Conference, Chicago, IL. October 1999 
Teaching 

Medical Microbiology, Spring 2000. Two lectures on human retroviruses and HIV. given to first 
year students in the physician assistants program. 

Medical Microbiology, Fall 1999. Four lectures on T cell immunity to second year medical 
students 

Current Topics in Immunology. Course supervisor (and discussion leader) for a course given 
annually in the fall to second year graduate students of the Immunology and Molecular 
Pathogenesis program at Emory University. 1998-1999. 

Advanced Immunology. Annual lecture on measuring T cell responses in a course given in the 
fall to first year IMP graduate students at Emory University. 

Medical Microbiology, Spring 1999. Two lectures on human retroviruses and HIV, given to first 
year students in the physician assistants program. 

Medical Microbiology, Spring 1998. Five lectures on autoimmunity, allergy, hypersensitivities, 
T cell immune responses, and HIV, given to first year students in the physician assistants 
program. 
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